INTRODUCTION
The concept of fit in the study of human-environmental interaction is usually understood as compatible matching between an institutional setting, associated ecosystem properties and properties of social-ecological relations. It is a normative notion, suggesting that an environmental governance system that is fit performs well over the long run and proves to be more resilient to shocks than a less structured system , Young 2008 . Fit is ingrained in the study of human-environmental interaction: the journal Ecological Economics is "concerned with extending and integrating the study and management of 'nature's household' (ecology) and 'humankind's household' (economics)" (Ecological Economics 2012) and Folke and Gunderson (2002) "view[s] humanity and nature as co-evolving systems that interact within the bounds of the biosphere at various temporal and spatial scales and across scales".
An important aspect of fit has largely been missing from analytical focus. As biologically evolved cognitive organisms, any notion we develop of fit between institutions and ecosystems is underpinned by the evolutionary fit between our material environment and the abstract concepts with which we think. As researchers in the embodied cognition tradition point out, human cognition, including our most abstract thought, is grounded in and structured by the social and material reality in which it evolves and operates (Dennett 1991 , Varela et al. 1991 , Hutchins 1995 , Lakoff and Johnson 1999 , Feldman 2006 , Slingerland 2008 . A credible theory of fit between institutions and ecosystems can only be built on an understanding of how concepts articulating institutional rules are shaped by their social and material environment. Yet analysis of fit has focused only on the macrolevel fit between social institutions and ecosystems, and forgotten the microlevel fit between individual cognition and its sociomaterial environment. In this paper, I explore the implications of a focus on microlevel fit for the study and adaptive management of social-ecological systems (SESs).
Focusing on microlevel fit changes SES analysis radically from what it is in the case of macrolevel fit. In the study of macrolevel fit, the research question is whether or not the institutions fit the ecosystems. The empirical test is how well this fit is explained by a theory or model of SESs. In the study of microlevel fit, the research question is whether or not the SES theory or model fits our cognitive reality, or the way we think and feel. The empirical test is how well this fit is explained by a theory or model of cognition. Considering the microlevel fit introduces an additional criterion for assessing the goodness of a SES model: of all SES models that explain http://www.ecologyandsociety.org/vol17/iss4/art30/ satisfactorily human-environmental interaction at the macrolevel, some are more satisfactory in a cognitive sense than others.
Here I probe the implications of microlevel fit by contrasting two theories, neoclassical economics (NCE) and adaptive cycle theory (ACT, a.k.a. panarchy). NCE is a theory which many scholars have criticized as being very poor in explaining the macrolevel fit of human-environmental interaction, because it fails to consider the broader ecological constraints of human economies (Daly 1990 , Norgaard 1994 , Boulding 1996 , Jackson 2009 ). However, the microlevel fit of NCE would appear to be good, as evidenced by the electoral success of politicians sympathetic to viewing the global economy through the neoclassical lens. In contrast, ACT has attracted the attention of many SES researchers as an apt heuristic for understanding the macrolevel fit of human economies , Holling 2004 , Ostrom 2007 . However, it is virtually unknown among the voters and decision makers of national and global economic systems, indicating poor microlevel fit. I ask: Is there an analytical way to improve the microlevel fit of ACT by integrating in it some of the cognitively fit components of NCE, without compromising the macrolevel fit of ACT?
The question is not just of theoretical interest. Despite mounting empirical evidence in support of humanenvironmental interaction models predicting serious predicament for humanity as a result of global environmental changes, this link between reality and models has failed to trigger significant change in resource allocation. In contrast, rapid and large-scale resource allocation followed when evidence of the global financial crisis of 2008 was linked with the NCE models of the global financial system (Petrella 2009 ). Obviously, the concentrated power structures of economic decision making enabled the resource allocation. But socially attractive mental models play a key role in the emergence and maintenance of all institutionalized power (North 1981 , Lukes 2005 , including that behind the recent financial decisions.
Focusing on the microlevel fit highlights the autopoietic and self-reflexive elements of human-environmental interaction. Autopoiesis refers to the characteristic of living systems to renew themselves and regulate this process in a way that maintains the integrity of their structure (Varela et al. 1974 , Hofstadter 1979 , Jantsch 1980 , Maturana and Varela 1980 , Maturana 2002 , Polski 2009b . Margaret Polski summarizes the significance of autopoiesis for an individual: "Rather than strictly rational optimizers, we are complex, highly advanced sensors that adapt intuitively to particular physical and social contexts" (Polski 2009a:8) . This has important implications for how human beings perceive themselves in relation to the SESs in which they operate. Conceptualizations about SESs and our position in them should be understood as ways for a fundamentally cognitive organism to adapt to particular social and ecological situations. At issue is adaptation, and therefore our survival as a species.
My aim in this paper is to show that the embodied cognition approach provides theoretical grounds for "nudging evolution," by which I mean the design of cognitively attractive and empirically sound mental models that have the capacity to alter people's behavior toward social-ecologically sustainable transitions (Thaler and Sunstein 2008:6, Farrell and Thiel unpublished manuscript) . The approach facilitates the conceptual integration of two influential but contradictory traditions of thought on how human beings organize their economic activities with respect to each other and their resources-NCE and ACT. I pose the following research questions. First, what are the contours of a theoretical account of fit between human cognition and SESs (Methods)? Second, how does the theoretical account of fit advise us to reconceptualize urgent environmental challenges (Analysis)? Here I compare and integrate the heuristics of NCE and ACT. Third, is the resulting understanding of environmental challenges cognitively fit (Discussion)? Here I hypothesize how the analysis might inform the design of cognitively fit environmental policies. I conclude with a synthesis of the argument (Conclusion). Since the paper is an "experiment with theories," in which empirically grounded theories are reframed in metaphorical terms to tease out their cognitive significance, readers will notice along the way scientific terminology being transformed into metaphors of everyday life.
METHODS: EMBODIED COGNITION AND FIT
Embodied cognition builds on empirical research on the human brain and cognition, taking a critical stance toward the mind-body dichotomy that dominates much of Western philosophical tradition (Dennett 1991 , Varela et al. 1991 , Clark 1997 , Lakoff and Johnson 1999 , Slingerland 2008 . According to this tradition, human beings have an autonomous faculty of reason that is seen as independent of perception and bodily movement. In contrast, embodied cognition takes "an evolutionary view, in which reason uses and grows out of such bodily capacities" (Lakoff and Johnson 1999:17) . This position has important implications for theory building about culture and nature, because it means that even the most abstract concepts and categories of cultural production are embodied in our experience with nature. As Lakoff and Johnson (1999:20) put it, "an embodied concept is a neural structure that is actually part of, or makes use of, the sensorimotor system of our brains." This neglected point is where I begin my analysis. In environmental studies we seldom consider the conceptual systems with which we theorize about SESs as the products of our evolutionary fit with SESs.
In cognitive sciences, the embodied model of cognition is often contrasted with the computational model, which sees the human mind as an entity separate from its social and material environment. According to the computational model, http://www.ecologyandsociety.org/vol17/iss4/art30/ informational input from the environment is transformed via sensory systems into symbolic representation (such as SES variables) on which computations are performed in the mind. Computational results are then transformed into output as human action upon the environment. In contrast, the embodied model sees the human mind as being constituted by the sociomaterial environment and extending functionally into that environment. Abstractions of the mind are not symbolic representations but rather neurally grounded in concrete sensorimotor experience (Clark 2011 , Lakoff and Johnson 1999 , Shapiro 2011 .
Taking the embodied approach in this paper does not reflect any fundamental position on the tension between the embodied and computational view, which some cognitive scientists think should anyways be replaced with more integrative approaches (Clark 2011) . However, embodiment opens up interesting integrative possibilities for tackling the long-running tension in environmental research between ecological and social phenomena. The embodied cognition approach bypasses the dichotomy between realism and constructivism (Gould 2000) , invoking instead a conceptual blend between the two. Humans make sense of the reality around them with heuristic mental models that are based on universal, physiologically embodied capabilities. Yet these same embodied capabilities permit considerable variation in the heuristic claims that individuals make about truth, such that the claims may differ significantly depending on the social-ecological context within which they arise (Antal and Hukkinen 2010) . It behooves us to understand the range of social-ecologically fit heuristics in a particular situation, while taking into account the embodied constraints of our cognition.
To succeed as an exercise tuned to the reality of embodied cognition, theories of human-environmental interaction must tackle the challenge of vertical integration. As Edward Slingerland (2008:9) puts it, "human-level structures of meaning need to be seen as grounded in the lower levels of meaning studied by the natural sciences, rather than hovering magically above them." Two mechanisms in particular achieve the vertical integration that Slingerland presumes: primary metaphor and conceptual blending.
Researchers of embodied cognition use the term primary metaphor to characterize their observation that the human mind connects subjective experience with sensorimotor activity. The primary metaphor is formed as a mapping from the source domain of sensorimotor activity to the target domain of subjective experience (Lakoff and Johnson 1980 , 1999 , Gentner 1983 , Gentner et al. 2001 . From the neural perspective, primary metaphors are the outcome of associative learning, which in turn is grounded in a basic fact about brain physiology: mental connections are active neural connections. As Jerome Feldman explains (2006:202) , "when subjective and sensorimotor experiences are brought together in an episode, both domains are coactive. This, according to association learning theory, causes the strengthening of connections between the neural circuits supporting the different modalities. The new, strengthened connections physically constitute the metaphorical mapping." For example, in the primary metaphor Affection is warmth, the source domain's sensorimotor experience of temperature is projected onto the target domain's subjective experience of affection. It is easy to see how embodied experiences of the human animal evolution, such as being held in the arms of one's mother, would generate associative mappings such as these. Other key primary metaphors from the point of view of this paper are More is up, Control is up, and Happy is up (further examples are in Table 1 , column 1) (Lakoff and Johnson 1999:50-54 ).
The primary metaphor offers the first criterion for assessing the microlevel fit between cognition and SESs. I call it cognitive appeal. A human-level structure of meaning, such as a SES theory or model, has cognitive appeal when it contains primary metaphors associated with positive subjective experiences, such as happiness, affection, and good.
Primary metaphors are the largely universal, neuron-based foundation of more complex language and thought (Lakoff and Johnson 1999:45-59 summarize primary metaphors empirically observed across cultures and languages). They constitute an objectively real, basic level evolutionary fit between cognition and SESs that few human beings can avoid, having been born as a member of our particular species on this particular planet (Slingerland 2008) . What is more, they are the building blocks of an infinite number of more complex, socially constructed metaphors that provide the scaffolding for cultural evolution (D'Andrade 1995 , Tomasello 1999 . Cognitive linguists characterize the process by which the more complex metaphors are formed with the term conceptual integration, or conceptual blending Turner 1998, 2002) .
Conceptual blending aligns partial domains of knowledge, such as primary metaphors, to form a separate domain of knowledge, called the blend. The blend does not simply add the partial domains of knowledge. It rather completes what are only barely distinguishable patterns in the partial domains of knowledge into a new domain of knowledge qualitatively different from the partial inputs. Blending is thus different from standard analogical reasoning, in which a source domain is mapped onto a target to make inferences easily available in the source (Fauconnier and Turner 2002) . Blending is considered to be a basic cognitive operation performed at different levels of abstraction and under superficially divergent contexts (Fauconnier and Turner 1998) . It enables the generation of new meanings and understandings through partial metaphorical combination of existing concepts (Feldman 2006) . A well-known example of a conceptual blend is the inferential solution to the riddle of the Buddhist monk (Appendix 1). The monk begins walking up a mountain at dawn, reaches the top at sunset, meditates there for several days, and one dawn begins to walk back to the foot of the mountain to reach it at sunset. The task is to prove that there is a place on the path which he occupies at the same time of day on the two journeys. The inferential solution is to imagine the monk walking both up (input 1 of the blend) and down (input 2 of the blend) the path on the same day. There must be a place where he "meets himself" on the path (the blend) and that place is the one he would occupy at the same time on the two journeys (Fauconnier and Turner 1998:136-141) .
The blend has an emergent structure that is not copied form the input spaces. This is achieved through composition, completion and elaboration. Blending composes elements from the input spaces and provides relations that do not exist in the input spaces, such as the two monks making two journeys. Blending completes the composed structure by recruiting a considerable amount of background conceptual structure and knowledge. The monk riddle is completed by recruiting the familiar scenario of two people encountering each other on a path. Finally, the blend is elaborated by "running the blend", that is, through imaginative mental simulation that follows the principles and logic of the blend: having encountered each other, the imaginary two monks might begin a conversation Turner 1998, Feldman 2006) . Running the blend in terms of uphill and downhill movement is an important feature of my comparative analysis of the dynamics of NCE and ACT, because it achieves conceptual integration of the human-environmental interaction heuristics underlying the two theories.
Although a large number of different conceptual blends can be constructed from the input spaces, some blends are better than others. This provides the second criterion for assessing the microlevel fit, namely, cognitive optimality. The optimality principles of blending are integration, topology, web, unpacking and good reason (Fauconnier and Turner 1998:162-3 ). The blend is integrated when it provides a tightly integrated scene that can be manipulated as a unit (such as the blend in the monk riddle). The blend has topology when the relations of an element observed in the blend match those of its counterpart in an input space. The blend is an integrated web when manipulating the blend as a unit maintains its connections to the input spaces without surveillance or computation. Unpacking is possible to perform on the blend when it is transparent enough for an observer to reconstruct the mappings and connections between the blend and its input spaces. Finally, there is good reason for each element of the blend to be there, including relevant links to other mental spaces and relevant functions in running the blend (Appendix 1 and Figure A1 .1).
ANALYSIS: COGNITIVE FIT OF NEOCLASSICAL ECONOMICS AND ADAPTIVE CYCLE THEORY
To work out the environmental policy relevance of fit between individual cognition and SESs, I construct a blend that aims to overcome a predominant contradiction in human-http://www.ecologyandsociety.org/vol17/iss4/art30/ environmental interaction: the independence from ecosystem services that individuals perceive they possess as a result of technological and economic development, and the highly coupled dependence on these services that such development in fact creates for individuals. As Antal and Hukkinen (2010) illustrate, the contradiction has been observed in different variations in numerous well-known syntheses of humanenvironmental interaction (Bateson 1972 , Smil 1993 , Bennett 1996 , Redman 1999 , McNeill 2000 , Diamond 2005 ).
In theoretical terms, the contradiction can be nicely summarized as one between NCE, which informs an individual's perception of independence from ecosystems, and ACT, which explains the individual's dependence on ecosystems. NCE takes the individual perspective and considers society to be made of selfish individuals striving to maximize their personal utility while interacting with other individuals in free markets that rely on free ecosystem services (Smith 1937 , Boulding 1955 , Peterson 1973 . ACT takes the systemic perspective and considers society to be made of social and ecological systems interacting with each other and with other SESs at lower and higher system levels , Holling 2004 , Ostrom 2007 ). The contradiction is between what individuals belonging to a SES perceive the reality to be and what the reality of the SES is. Individuals follow the market rules built on NCE and behave as if the technological and economic development enabled by the markets would make them ever more independent of ecosystems. But in reality, as ACT explains, the same development is tightly coupled with the natural resource base and renders every individual ever more dependent on ecosystems. I search for a resolution to the contradiction by constructing a conceptual blend between the two competing models. The resolution speaks directly to contemporary environmental policy, since major and urgent behavioral change is required to address the unprecedented environmental challenges facing humanity (Ehrlich and Kennedy 2005 , Rockström et al. 2009 , Antal and Hukkinen 2010 .
It is important to recruit NCE in the effort to reconceptualize human environmental challenges, because it is cognitively more appealing and optimal than ACT. To see why this is so, let us investigate visualizations of the two models. Advertisements espousing the virtues of the neoclassical economy typically have concrete things moving along an endless uphill to depict unlimited growth. My collection of business school ads published in The Economist in 2010-11 has joggers, rock climbers, juggler's balls, birds, pencils, Earth, airplane and bicycle rider moving up. According to the theory of primary metaphors this is cognitively appealing, because More is up, Control is up, and Happy is up. Contrast this with the metaphorically poor visualization of the ACT, which strives to explain the dynamic transformations taking place in a complex SES in terms of three abstract dimensions:
potential, connectivity and resilience. The visualization of NCE is also cognitively more optimal than that of ACT. The business school ads depict integrated scenes made of familiar elements that all have good reason to be in the ad, and it is easy to "run" each scene as an uphill movement of one thing or another. The ACT model is integrated as well, but running it as a mental simulation is much more difficult, because it is not immediately clear whether there is a thing doing something in the model and if so, what the thing might be.
It is therefore worthwhile to untangle and exploit the cognitively appealing and optimal elements of NCE. Building on and with dominant intellectual commitments such as NCE makes use of the so-called ratchet effect, or the process by which cultures have been found to evolve through periodic modification of cultural practices adopted from earlier generations (Tomasello 1999). This does not, however, imply incremental transitions. As was pointed out in the Methods section and will be illustrated shortly, conceptual blending holds potential for radical reconceptualization and reframing. Radical change in incremental steps is also consistent with contemporary theorizations of social-ecological transitions, which argue that a SES can be heading in a new direction with new attractors of radical systemic change, albeit in small steps (Fischer-Kowalski and Rotmans 2009).
The analysis proceeds as a decomposition of the views of NCE and ACT on human-environmental interaction into their component primary metaphors, and a recomposition of the primary metaphors into a new conceptual blend of humanenvironmental interaction. First, I present the respective positions of NCE and ACT on human-environmental interaction in concise statements of natural language. Second, I identify the event structure metaphors underlying the natural language statements. Event structure metaphors are conceptual blends of motion-based primary metaphors used to describe complex events, in this case the dynamics of the market economy or of a SES Johnson 1999, Feldman 2006 ). Third, I recompose a novel conceptual blend, the Roller Coaster Blend, from the primary metaphors of NCE and ACT. The guiding principle in recomposing the blend is to maximize its cognitive appeal and optimality while maintaining its ecological soundness.
Neoclassical economics and adaptive cycle theory in natural language
Adam Smith summarizes the individualistic essence of the NCE view of society in The Wealth of Nations (Smith 1937:423) : Smith's point-particularly its later interpretation-is of "fundamental significance" for contemporary neoclassical theory: "Competition must be present if a market system built upon the pursuit of self-interest is to maximize simultaneously both individual and social interest" (Peterson 1973:46-47) . The maximization has no limits in the neoclassical view. If full employment of existing capital and contracted labor is to be sustained, investment and output in the economy-in other words, both the potential for output and the output itselfmust increase from year to year in the long run, despite shortterm cyclic economic downturns (Boulding 1955 , Peterson 1973 (Figure 1 ). Contrast the NCE view with that of ACT. ACT is an attempt to understand the structure and dynamics of complex SESs at different levels of observation. Three properties are seen to shape the dynamics of change in the cycle: potential, which refers to the system's accumulated economic, ecological and social resources and measures its potential for change; connectedness, which refers to interdependencies among the internal variables and processes, and measures their sensitivity to external variation; and resilience, which refers to the system's ability to return to its preceding state after a disturbance, and measures its vulnerability to unexpected or unpredictable shocks. The three properties constitute a threedimensional space within which the SES undergoes cyclic adaptive changes from exploitation phase (r) to conservation phase (K) to release phase (Ω) to reorganization phase (α), and then back to r (Figure 2 ). Originally developed from empirical studies on ecosystem dynamics (Holling 1973) , ACT has since been applied as a heuristic to understand the dynamics of change in broader SESs Gunderson 2002, Holling 2004) . The adaptive cycle has both similarities and differences with the neoclassical perspective. Both approaches contain the notion of output potential, measured in terms of accumulated resources, and in both approaches this potential is understood to be growing and contracting. In NCE, however, the longterm trend is one of endless growth in output potential, whereas in ACT the long-term trend is cyclic change in output potential during exploitation, conservation, release and reorganization, constrained by the limits and dynamics of related adaptive cycles in SESs at lower and higher system levels Holling 2002, Holling 2004) . Another difference is that the growth and contraction cycles in NCE relate to output potential alone, whereas in adaptive cycle also connectedness and resilience grow and contract cyclically. This means that there are synergies and tradeoffs in the growth and contraction of a SES (Figure 2 ). Last but not least, the neoclassical approach emphasizes the importance of selfish individuals for optimal functioning of the economic system. The adaptive cycle approach is less clear on the matter. Some authors in the field tend more in the individualistic direction (Holling 1978 , whereas others lean toward collective design of social institutions to achieve appropriate governance of the SES (Westley 2002 .
By preferring the support of domestic to that of foreign industry, [the individual] intends only his own security; and by directing that industry in such a manner as its produce may be of the greatest value, he intends only his own gain, and he is in this
The methodology presented in this paper suggests an emergent model positioned between individualistic and collective explanations. The blend between the cognitively fit NCE and the ecologically fit ACT sketches a hypothetical model of autopoiesis, whose adoption by individuals maintains the process of autopoiesis. On one hand, the blend aims to explain the interaction between individual and collective levels in a SES as an emergent structure that renews itself; on the other hand, the blend aims to maintain the integrity of the SES by Ecology and Society 17(4): 30 http://www.ecologyandsociety.org/vol17/iss4/art30/ doing the explaining in a way that individuals belonging to the SES find attractive. Were the model true, there would be a feedforward from individual to collective level when more and more individuals embrace cognitively appealing and optimal SES models which then become stabilized as socially shared thought and action, and a feedback from collective to individual level when more and more institutions are designed on the foundation of the stabilized models and begin influencing individual behavior (North 2005 , Sawyer 2005 ).
Decomposition of event structure metaphors
We are now in a position to identify the event structure metaphors underlying these natural language descriptions of NCE and ACT. I will first present the generic structure of the two respective event structure metaphors in terms of their component primary metaphors (Table 1 , column 1) and thereafter show evidence of the existence of the event structure metaphor in both the NCE perspective (Table 1 , column 2) and the ACT perspective (Table 1 , column 3). At this stage of the analysis, readers will observe how theoretical terminology is transformed into metaphorical language. This is an unconventional but necessary analytical step, because it enables me to build the argument on what is known about the embodiment of human cognition.
An event structure metaphor relies on the common frame of motion or journeys, including concepts such as locations, movements, paths and forced movements. We know from empirical cognitive research that human beings tend to compress their understanding of an event into an event structure metaphor, which combines several primary metaphors into a more complex structure. The event structure metaphor has been found in every language that has been empirically studied, and language users have been found to apply it in a wide range of contexts Johnson 1999, Feldman 2006 ).
The event structure metaphor produces a general mapping between physical journeys and any goal-oriented activity, however abstract. In a generic event structure metaphor, whose component primary metaphors are listed in column 1 of Table  1 , the system under consideration is thought of as a physical structure and system states are physical locations. System changes are conceived of as movements of the elements that make up the system and the causes of system changes are forces upon the elements. Actions are self-propelled movements; the purposes of actions are destinations; the means of actions are paths to destinations; and expected progress in the actions taken is a travel schedule. Difficulties are impediments to moving along the path and external events are large moving objects. Overall, long-term purposeful activity within a system is considered a journey Johnson 1999, Feldman 2006 ).
Let us go through the System is a physical structure primary metaphor in the event structure metaphor (Table 1, column 1) to see how the primary metaphors of NCE (Table 1, column 2) and ACT (Table 1 , column 3) differ from each other. Appendix 2 contains a detailed explanation of the rest of the decomposed primary metaphors in Table 1 .
System is a physical structure. To be very concrete, I have condensed the physical system of NCE into a visual image (Figure 3, Input space 1) . It originates in the upward curve with which long-term economic growth is depicted in NCE (Figure 1) . The image also includes a competitive individual racing uphill in a vehicle, which is the stereotypical way to depict growth. The image in Input space 1 of Figure 3 reminds us of the Buddhist monk riddle, as it has individuals racing uphill in vehicles, reflecting their competitive pursuit to maximize self-interest with the help of technology. Despite occasional downhill slides during economic downturns, the overall progression is upward on the slope. Unlike the monk riddle, there is no end to the slope, as the economy continuously grows. These component primary metaphors are presented in Table 1 , column 2. Fig. 3 . Conceptual blending of neoclassical economics and adaptive cycle theory. T = time, P = potential, C = connectedness, R = resilience. http://www.ecologyandsociety.org/vol17/iss4/art30/ Now compare the physical structure of NCE with that of ACT. The adaptive cycle can also be condensed into a visual image, namely, a roller coaster track (Figure 3, Input 3 ). This image, too, originates in the curve with which the adaptive cycle is depicted in scientific literature (Figure 2) . Unlike in the neoclassical image, the path does not progress continuously upward but rather goes up and down within the limits of a roller coaster track known as an Out and Back Roller Coaster in the literature devoted to the topic (Roller Coaster DataBase 2010). The component primary metaphors are in Table 1 , column 3.
The images in Figure 3 compress complex event structure metaphors describing social-ecological dynamics into relatively simple images. Images are one way to present an event structure metaphor in condensed form (Turner and Fauconnier 1999) , but there are other ways, such as the verbal descriptions of the images I have given above and in Table 1 . Undoubtedly, many other possible images come to mind as equally good visualizations. In choosing these particular images I have purposefully looked for what cognitive anthropologists and cognitive linguists call basic level categories, that is, categories that optimally fit our bodily experiences of entities (Rosch 1973 , D'Andrade 1995 , Lakoff and Johnson 1999 , Feldman 2006 . Basic level categories are in the middle of hierarchies of categories. In the neoclassical image ( Figure 3 
Conceptual blending of primary metaphors
The component primary metaphors identified in Table 1 are the building blocks of a conceptual blend between NCE and ACT. As before, it is helpful to begin the analysis with an image. The overall process of constructing the conceptual blend from the respective event structure metaphors of NCE and ACT is illustrated in Figure 3 . The blending takes place in two stages. In the first stage, the two input spaces of the intermediate blend (Blend 1 in Figure 3 ) are a lonely rider moving uphill in a vehicle in the lower part of the metaphorical slope of NCE (Input 1) and a lonely rider moving uphill in the upper part of the slope (Input 2). Blend 1 can be visualized as an imaginary folding of a 2-dimensional plane into a 3-dimensional cylinder. In the second stage, the two input spaces are the intermediate blend of the first stage (Blend 1) and the metaphorical roller coaster track of the adaptive cycle (Input 3). The conceptual blend (Blend 2)-the Roller Coaster Blend -is summarized verbally in column 4 of Table 1 . Below I explain in detail the blended primary metaphor System is a physical structure. The rest of the blended primary metaphors are explained in Appendix 2.
System is a physical structure. The key embodied observation in constructing this conceptual blend between NCE and ACT is that a slope becomes a cycle by linking the downhill with the uphill. When the neoclassical economy's downhill is linked with its uphill, the two lonely riders become a roller coaster train riding on the same track together. Instead of a continuous uphill climb, change in the new system is one of alternating uphill and downhill movement on a circular track. In the Roller Coaster Blend, riders who are linked together and riding on the same track cannot compete as individuals and must therefore cooperate ( Figure 3 and Table 1 , column 4). The experience is known even to today's market entrepreneurs, who merge, co-opt, connect with government, enter joint ventures and cooperate in many other ways (Scott 1987) . While some of this cooperation is motivated by economies of scale, monopolies and higher rates of capital accumulation, there is also evidence of enterprise cooperation motivated by social responsibility, when strong regulations, pressure from nongovernmental organizations, institutionalized stakeholder dialogue and encouraging social norms are present (Campbell 2007) . Under conditions of diminishing natural resources and ecosystem services, cognitively appealing mental models can facilitate the emergence of such cooperative cultures and institutions.
The new Roller Coaster Blend implies dynamics that are woven in the fabric of the economic system itself. Joseph Schumpeter called it "the process of Creative Destruction" that "incessantly revolutionizes the economic structure from within, incessantly destroying the old one, incessantly creating a new one" (Schumpeter 1976:73) . The promise of the blend is that the destruction of wealth, connections and resilience during the release stage (Figure 2 , see also Appendix 2) is a prerequisite for long-term creation of new social organization that deploys new technology based on a different resource (Schumpeter 1976 ). In the adaptive cycle literature such creative destruction has been visualized as a collapse that takes place in the adaptive cycle at one level and interacts with adaptive cycles at higher and lower level panarchies . In the Roller Coaster Blend, the creative destruction can be visualized as a change in the shape of the track.
In sum, the novel physical structure of the conceptual blend animates the roller coaster track of the SES with real human beings and visualizes a situation in which the winners and losers of the neoclassical competition cooperate with each other. It also explains functionally the absolute limits of the Ecology and Society 17(4): 30 http://www.ecologyandsociety.org/vol17/iss4/art30/ SES. Kenneth Boulding's well-known metaphors find their place in the Roller Coaster Blend: the lonely, reckless and exploitative cowboys of the limitless neoclassical race are reined in by the folding of the linear track into a spaceship roller coaster, in which the riders adjust themselves to a cyclical ecological system with continuous material reproduction (Boulding 1996) .
DISCUSSION
The Roller Coaster Blend fulfills the cognitive optimality principles. It is integrated in the sense that the Out and Back roller coaster track with riders in a train of vehicles running along the track is a tightly integrated scene that can be manipulated as a unit. The blend has topology in the sense that the relations of an element observed in the blend match those of its counterpart in an input space: gaining/losing potential is going uphill/downhill on the blend's roller coaster track, but the same relation holds also in the uphill/downhill movement of the rider in the neoclassical input space and in the maxima/ minima of the function depicted in the adaptive cycle input space; and the relation between the roller coaster vehicle and the track in the blend matches the relation between the lonely rider's vehicle and the uphill slope in the neoclassical input space (Figure 3) . The blend is an integrated web in the sense that manipulating the blend as a unit maintains its connections to the input spaces without surveillance or computation, as illustrated for example by the numerous manipulations of the blend in column 4 of Table 1 . Unpacking is possible to perform on the blend, in other words, the blend is transparent enough for an observer to reconstruct the mappings and connections between the blend, the neoclassical input space and the adaptive cycle input space. Finally, there is good reason for each element of the blend to be there, including relevant links to other mental spaces and relevant functions in running the blend. The decomposition of the natural language metaphors into their component primary metaphors and the recomposition of the primary metaphors into the blend is a methodology with which it is easy to check that each component primary metaphor has relevant links and relevant functions in running the blend (Table 1 , column 4).
The Roller Coaster Blend is also cognitively appealing. I will highlight aspects of its cognitive appeal by running the blend in relation to an ongoing policy debate about degrowth. In the terminology of this paper, degrowth refers to the inevitable adjustment of the limitless cowboy economy to the absolute limits of the Earth's natural resources and the adaptation to a cyclical spaceship economy (Boulding 1996 , Latouche 2007 , Victor 2008 , Jackson 2009 ). This exercise leads me to hypothesize better ways to formulate and communicate environmental policies that are cognitively appealing and link concerns over individual safety with those over socialecological survival (Antal and Hukkinen 2010) .
First, the Roller Coaster Blend is a concrete way of illustrating that constant economic growth in a single dimension, which was termed potential or wealth above, is not possible: the roller coaster track has its absolute limits. At the same time, the image of a roller coaster on top of a hill is a cognitively appealing way of framing the message: Control is up. Second, the blend illustrates the meaning of Control is up. Growth and degrowth in wealth create opportunities for growth and degrowth in social-ecological connectedness and resilience, thus making simultaneous optimization for all three dimensions impossible . Growth and recession, as perceived by the lonely rider struggling uphill on the slope of NCE, take on a richer meaning when placed in the roller coaster of the adaptive cycle. An increase or decrease in wealth is no longer a singularly good or bad thing. Increasing wealth also weakens vital socialecological networks or resilience against disruptions. As a result, the blend offers simple instructions for qualifying today's economic growth policy not as an end in itself but as preparation for long-term buildup of ecosystem services in the form of "green" investment (in the conservation stage) or for utilizing such investment to reorganize the economy (in the reorganization stage) (Figures 2 and 3) . Put it another way, "a system [...] that at every given point of time fully utilizes its possibilities to the best advantage may yet in the long run be inferior to a system that does so at no given point of time, because the latter's failure to do so may be a condition for the level or speed of long-run performance" (Schumpeter 1976:73) .
Third, the Roller Coaster Blend highlights the need to develop indicators for establishing evidence for different types of social-ecologically significant growth. Since optimizing simultaneously in all three dimensions of the adaptive cycle is impossible, it is clear that no single indicator, such as "green" GDP, can capture the dynamics of the SES. When one thing diminishes, it is cognitively appealing to see-with the help of appropriate indicators-that something else grows.
Fourth, the process of constructing the blend, particularly its first stage (Figure 3 , Blend 1), hints at a cognitively appealing way of tackling systemic socio-economic inequalities (Jackson 2009 ). The roller coaster train was formed by linking the winner and the loser of the neoclassical race. Translated into concrete policies aiming to persuade the winners to link with the losers, this could mean social exclusion policies targeted at the wealthy, such as steeply progressive taxation, maximum wage limits, ineligibility for social services, and restricted access to publicly provided infrastructure. Some individuals whom global capitalism has made billionaires appear to have been persuaded even in the absence of such policies, as they voluntarily pledge to spread to charity at least half of their wealth (Blankinship 2010 ).
Last but not least, the Roller Coaster Blend points toward cognitively appealing ways of communicating the message about degrowth. From the cognitive perspective, the term is misleading. The cognitive appeal rests in the promise of Ecology and Society 17(4): 30 http://www.ecologyandsociety.org/vol17/iss4/art30/ continuous growth, albeit in the cyclically alternating dimensions of wealth, connections and resilience. This is crucially important, because it enables structuring future environmental policy messages in terms of the embodied primary metaphors that associate the subjective experiences of "more," "control" and "happy" with the sensorimotor experience of upward growth, and the subjective experiences of "less," "lack of control" and "unhappy" with the sensorimotor experience of downward dissipation (Lakoff and Johnson 1999) . Thus, whichever stage in the growthdissipation cycle a SES happens to be in, the cognitively appealing communication would focus on what is growing rather than what is dissipating at that stage.
CONCLUSION
I have outlined the contours of a theoretical account of fit between human cognition and SESs by putting together insights from the study of the evolution of human cognition with Young's (2008) concept of institutional fit. My aim has been to show that the embodied cognition perspective opens up possibilities for facilitating social-ecological transitions toward sustainability through the conceptual integration of the cognitively attractive but ecologically unrealistic NCE, and the cognitively less attractive but ecologically more realistic ACT. The result is a conceptually integrated model, the Roller Coaster Blend, which expresses in metaphorical terms why competitive individuals are better off cooperating than competing with each other in the face of absolute resource limits. I have argued that the blend's potential for nudging evolution arises from its autopoietic characteristic: it can be both an account of the SES as an emergent structure that is capable of renewing itself, and a cognitive attractor of individuals whose recruitment reinforces the integrity of the SES.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/5241
